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Dibuty1tin applied cutaneously at 67 nmole/cm2 produced minor histologic changes in rat. 
dorsal skin while the same specific dose of tributyltin produced cellular necrosis. Dibutyltin 
at 335 nmole/cm2 also produced cellular necrosis but the development of the lesion was 
delayed compar ed with that produced by tributyltin. 
Dibutyltin at 67 nmole/cm2 produced only minor vascular changes in rat dorsal skin as 
measured by increases in vascular permeability (dye leakage), tissue water content, and 
degree of erythema. l n contrast, the same specific dose of tributyltin and 5 times this dose of 
dibutyltin both produced marked increases in vascular permeability. tissue water content, 
and erythema. the maximum increases of which were similar for both compounds a lthough 
the times for attainment. of the maxima di1Tered. When the maximum increases of the 
individual vascular changes were used to assess the initancy of dibutyltin and tributyltin, 
the same ranking order was obtained from each parameter and this order agreed with that 
obtained from the histologic assessment of tissue damage. 
The increase in water content of skin is a representative and quantitative measure of the 
vascular changes produced by cutaneous application of dibutyltin and tributyltin. Skin 
water content. measurements should, therefore, be a useful parameter in future studies of 
the relationship between the vascular changes produced by irritants and the corresponding 
cellular injury, especially if it is applicable to other irritants. lt is, however. necessary to 
follow the time course of the response in order to determine the maximum increase in water 
content.. 
Most animal tests for skin irritancy assess an 
irritant by its ability to produce vascutar changes 
in the skin , viz erythema (reddening) and edema 
(fluid accumulation>. Since the primary effect on 
skin of irTitants is believed to be cellula r injury, 
while the vascular changes are secondary, there is 
no a priori reason why test systems based on vas-
cular measurements should accurately predict the 
irTitancy of chemicals. 
The scientific validity of these test systems can 
be investigated by examining the correlation be-
tween the magnitude of vascular changes pro-
duced by chemicals and the magnitude of the cor-
responding cellular injury . Such a study, however. 
requires the measurement of representative and 
quantitative parameters for both vascular changes 
and cellular injury, neither of which ar e at present 
available. 
In this paper three vascular changes produced in 
rat skin by cutaneous application of di-n-butyltin 
and tri-n-butylbn, known irritants of human and 
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animal skin 11,2), have been examined t.o deter-
mine the single parameter most likely to provide a 
representative and quantitative measure of the 
overall vascular response. The study also provides 
background information essential to future st.udies 
on the mode of action of irritants. 
MATERIALS AND METHODS 
Di-n-butyltin and tri-n-butyltin chlorides were ob-
t.ained from British Drug Houses Limited. The purity of 
the chemicals was assessed by thin-layer chromatogra-
phy on silica gel (Merck Kieselgel Gl with a hex-
ane:acetic acid (6: 1, v/vl solvent system. Di-n-butyltin 
cont.ained <<5o/c lributyltin while tri-n-butyltin con-
tained < 10'71- dibutyltin and a very small amount of 
letrabutyltin. Four-week-old male rats of Alderley 
Park (Wistar derived l strain. specific pathogen free. 
were used throughout (body weight range 50-80 gml. 
The hair cycle was in the resting phase. The animals 
were maintained in the same environment for 8 days 
before clipping their dorsal skin and were then left for 
at least an additional 2 days prior to experimentation . 
Rats were killed by cerv1cal dislocation between 12 AM 
and 4 PM on Thursdays or Fridays to minimize the 
effects of diu rna I and weekly rhythms on the measured 
parameters. 
The alkyl tins were applied as 10 or 50 mM solutions 
in absolute ethanol to the rats' clipped dorsal skin. For 
the histologic erythema and vascular permeability 
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measurements, each animal received 0.1 ml of appro-
priate solution per 50 gm body weight spread over the 
clipped dorsal skin one side of the midline. A 10-mm-
wide untreated section of skin was left down the mid-
line and the dorsal skin on the other side of the midline 
was used as the control, which received an equivalent 
volume of ethanol. For measurements of water content, 
animals received 0.2 mJ of appropriate solution per 50 
gm body weight applied to the dorsal skin on both sides 
of the untreated strip. Separate groups of animals, 
receiving equivalent volumes of ethanol . were controls. 
All the animals in each experiment received the same 
amount applied per cm2, either 67 or 335 nmole/cm2 , 
since experiments had shown that the body weight of 
our rats was proportional to the surface area of dorsal 
skin (Middleton and Hasrnall. unpublished observa-
tions). The term specific applied dose has been used to 
express the amount applied per em" and is based on the 
definition of Scheuplein and Ross l3). 
Section preparation. Excised dorsal skin from either 
the treated or control dorsal flanks was pinned out on 
wax trays containing glutaraldehyde (3%) in phosphate 
buffer (0.1 Ml and allowed to fix at 4"C ovemight. Strips 
10 mm x 3 mm x 1 mm thick were cut from the fixed 
tissue and rinsed in phosphate buffer, pH 7.0 (0.1 Ml 
containing sucrose (0.2 Ml. The strips were dehydrated 
with ethanol, embedded in methacrylate resin. and 1-
J.lm sections were cut with a Sorvall JB4 microtome. 
Sections were stained with hematoxylin and eosin and 
examined by light microscopy. 
Assessment of erythema. The degree of erythema was 
visually assessed and scored on a scale from 1 to 4 from 
which the mean score for each group was calculated. 
Each point on Figure 2 represents a different group of 3 
animals except for the 0-4 hr group; these animals were 
assessed repeatedly. The scores themselves are arbi-
trary, but are adequate for comparing compounds ap-
plied at the same time. All results are from animals 
killed between 12 AM and 4 PM on the same day. 
Measurement of vascular permeability. Rats were in-
jected intravenously C0.1 ml /50 gm body weight) with 
trypan blue (2.5% in saline) 45 min before sacrifice. The 
dorsal skin was excised and the skin from control and 
treated flanks homogenized in a solution containing 
acetone (14 ml) and aqueous 0.511£ sodium sulfate (6 mll 
by means of a Polytron PT20. The dye was quantita-
tively extracted by incubation for 16 hr at room temper-
ature [4] and dye concentration estimated spectrophoto-
metrically by measuring the extinction at 580 nm [4]. 
The total wet weight of skin was determined as well as 
the wet and dry weight of a portion of this skin. These 
measurements enabled the total dry weight to be calcu-
lated. and the amount of dye extracted per gm dry 
weight of treated flank was expressed as a percentage of 
the amount extracted from the control flank of the same 
animal. Since trypan blue is reported to bind to plasma 
albumin, increase in dye concentration reflects an in-
crease in permeability of blood vessels to albumin l5]. 
Water content . This was determined from the corre-
sponding wet and dry weights of tissue, the latter mea-
sured after heating at I05°C for 24 hr. Epidermal and 
dermal slices were cut as described by Middleton and 
Hasmall [6]. 
RESULTS 
R eactions Produced in Rat Dorsal Skin by One 
Application of Either Dibutyltin or Tributyltin 
Pathology. Dibutyltin at a specific dose of 67 
nmole/cm 2 produced no macroscopic changes. Mild 
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epidermal hyperplasia was observed microscopi-
cally 12 to 24 hr after application of the compound 
(Fig. 1b). Some cell separation occurred in the 
basal and prickle cell layers at this time, and the 
nuclei of the cells lining the upper part of the hair 
follicles were pyknotic. Dermal capillar ies were 
packed with polymorphonuclear leukocytes and 
some of these cells had infiltrated the dermal tis-
sues (Fig. 1b). 
When the specific dose of dibutyltin was in-
creased to 335 nmole/cm~ there were no epidermal 
changes for up to 4 hr. By 12 hr, however , there 
was focal necrosis of the epidermal layer and by 24 
hr the epidermis was almost completely necrotic 
(Fig. lcl. There was a massive inflammatory infil-
trate in the papillary dermis and most of the in-
flammatory cells were necrotic. 
Tributyltin applied at 67 nmole/cm2 produced 
microscopic changes within 2 hr of treatment. Pol-
ymorphonuclear leukocytes had accumulated in 
the capillaries and in the dermal tissues. particu-
larly around the hair follicles (Fig. 1dl. The cells 
lining the upper part of the hair follicle had pyk-
notic nuclei (Fig. ld L Epidermal cells showed pro-
gressive degenerative changes between 2 to 8 hr 
after application. Basal and prickle cells were 
swollen. with cytoplasmic and pe1·inuclear vacu-
olation, and there was some cell separation (Fig. 
lel. 
By 8 hr, focal epidermodermal separation had 
occurred, particularly around the hair fo1licles. 
and fluid had collected in these areas lFig. lfl. 
Numerous inflammatory cells were present in the 
dermis and epidermis, and many of these cells 
showed pyknosis and karyorrhexis (Fig. 1(1. There 
was v.-idespread epidermal necrosis within 12 to 24 
hr and separation of necrotic epidermal tissue 
from the underlying dermis was almost complete 
at this time. giving rise to vesicles that were fre-
quently packed with inflammatory cells as well as 
exudative Ouid. Early regeneration of the epider-
mal layer was obser ved after 18 to 24 hr <Fig. Jgl. 
The dermal inflammatory infiltrate was regress-
ing at this time. 
Erythema. Dibutyltin applied at 67 nmoles/cm2 
did not produce detectable erythema until 7 hr 
after application (Fig. 2). A mild reaction devel-
oped by 12 hr which reached a maximum by 24 hr. 
When the concentration of dibutyltin was in-
creased to 335 nmole/cm~ a more severe erythema 
developed (Fig. 2). The earliest changes were de-
tected by 5 hr and reached a level close to the 
maximum by about 12 hr. The erythema remained 
close to this maximum level until 48 hr, after 
which it began to decline. 
Erythema was observed within 30 min of cuta-
neous application of 67 nmole/cm2 (Fig. 2l. A level 
close to the maximum was reached by 3 hr and 
remained high for up to 48 hr. By 72 hr the reac-
t ion had subsided. The maximum degree of ery-
thema produced by tributyltin exceeded that pro-
duced by an equimolar specific dose of dibutyltin 
but was less than that produced by 5 times this 
dose of the dialkyl compound. 
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FIG. l. Photomicrographs of sections of rat 
dorsal skin ( x 250\ which had been treated 
with 10 l ethanol for 24 hr. lb l 67 nmole/cm~ of 
dibuwh.in for 24 hr. lcl 335 nmole/cm·! of di-
butyltin, and (d-gi 67 nmole/cm~ of tributyltin 
for ld l 2 hr. le l 4 hr. \/) hr. and (gl 24 hr. 
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FIG. 2. Erythematous reaction produced in rat dorsal 
skin by 1 cutaneous application of dibutyltin or tribu-
tyltin. Rats received the appropriate concentration of 
butyltin on one dorsal flank and the other flank re-
ceived an equivalent volume of ethanol. At the appro-
priate times aft.er application, the degree of erythema of 
each dorsal flank was visually assessed and scored on 
an arbitrary scale from 1 to 4. Results are the mean 
score of 3 animals per group (0) 335 nmole/cm2 of dibu-
tyltin; (e ) 67 nmole/cm! oftributyltin; (!:~ ) 67 nmole/cm2 
of dibutyltin. 
Vascular permeability. Dibutyltin applied at 67 
nmole/cm2 of dorsal skin did not alter the vascular 
permeability of the treated area up to 48 hr after 
application, but when the specific applied dose was 
increased to 335 nmole/cm! a biphasic increase in 
permeability was observE:d (Fig. 3). An early rapid 
increase occurred which reached a maximum by 3 
hr. By 4 hr, values had returned to control levels. 
A second increase, of similar magnitude to the 
first, occurred between 6 and 12 hr and the perme-
ability remained high up to 24 hr after application. 
By 48 hr. the increase was reduced but was still 
significantly above control levels. Tributyltin, at 
67 nmole/cm1, produced a similar biphasic in-
crease of vascular permeability to that described 
for the higher specific applied dose of dibutyltin 
but the increase was of slightly lesser magnitude 
and maximum levels were observed at 2 hr rather 
than 3 hr (Fig. 31. By 48 hr the increased permea-
bility produced by tributyltin was no longer con-
fined to the treated flank but had spread over both 
£1anks. 
Water content. The water content of control skin 
varied from experiment to experiment within the 
limits of 2.6 to 3.0 1/kg dry weight. Similar varia-
tions in the values for treated skin also occurred. 
Nevertheless the values within an experiment 
were comparable and Figure 4 depicts representa-
tive experiments. Dibutyltin applied at 67 nmole/ 
cm2 of dorsal skin did not significantly alter the 
water content of this tissue for up to 24 hr (Fig. 41. 
However , when dibutyltin was applied at 335 
nmole/cm2 , the water content was significantly 
increased above control values (p < 0.05J by 12 hr 
and reached a peak value of3.3 1/kg dry weight by 
48 hr (Fig. 4). 
Tributyltin at 67 nmole/cm~ also significantly 
increased the water content of skin but the in-
crease was more rapid than that observed after 335 
nmole/cm2 of dibutyltin. Maximum levels of 3.2 1/ 
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kg were reached within 3 hr (Fig. 4). This rapid 
increase was followed by a slower decrease such 
that by 12 hr the water content was similar to that 
measured immediately after application of the tri-
butyltin. These results may be an underestimate 
of the true values since no account has been taken 
of possible increases in water loss to the environ-
ment from the damaged skin 17]. However, such 
losses should not greatly affect local water content 
measurements because of the large reservoir of 
freely diffusible water in the body. 
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FIG . 3. Effect of 1 cutaneous application of dibutyltin 
or tributyltin on the vascular permeability of rat dorsal 
skin. Rats. 4 per time point, received the appropriate 
concentration of butyltin on one dorsal flank a nd the 
other flank received an equivalent volume of ethanol. 
The vascular permeability of the treated flank re lative 
to the control flank was determined as described in 
Materials and M(•/lwcls. Results are expressed as means 
::: SEM. (0 1, 335 nmole/cm2 ofdibutvltin; ( e ). 67 nmole/ 
cm2 of tributyltin. Dibutyltin (- -=- 1 at 67 nmole/cm~ 
produced no observable increase in color in the treated 
flanks throughout the time period studied. Extractions 
were not carried out. 
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FJG. 4. Effect of l cutaneous application of dibutyllm 
or tributyltin on the water content of rat dorsal skin. 
Rats, 6 per lime point, received the appropriate concen-
tration ofbutyltin solution on both dorsal flanks. At the 
appropriate times after application, the dorsal skin was 
excised and the water content determined from the 
differences between the wet and dry weights of the 
tissue. Results are expressed as means ::: SEM. (0), 335 
nmole/cm2 of dibutyltin; (e ), 67 nmole/cm2 of tributyl-
tin; (!:~) , 67 nmole/cm2 of dibutyltin. 
Junel977 
DISCUSSION 
A histologic assessment of the degree of cellular 
injury produced by dibutyltin and tributyltin can 
only be qualitative. An order of potency can, how-
ever, be obtained. Dibutyltin at 67 nmole/cm2 pro-
duced only minor histologic changes and no ceJiu-
lar necrosis was detected at any time studied. The 
same specific dose of tributyltin and 5 times this 
specific dose of dibutyltin was much more inju-
rious, producing complete necrosis oflarge areas of 
epidermal tissue within 12 to 24 hr. A similar 
order of potency was obtained from the vascula1· 
measurements. Dibutyltin at 67 nmole/cm·! pro-
duced minimal erythema, no detectable increase 
in vascular permeability, and only minor changes 
in tissue water content. In contrast, tributyltin at 
67 nmole/cm2 and dibutyltin at 5 times this specific 
dose both produced marked erythema, biphasic 
increases in vascular permeability, and mono-
phasic increases in tissue water content. The 
changes produced by 335 nmole/cm 2 of dibutyltin 
were, in all cases, of slightly greater magnitude 
than those produced by the lower specific dose of 
tributyltin. 
While there is a general correlation between the 
ability of tributyltin and the two specific doses of 
dibutyltin to produce histologic and vascular 
changes, when the time course of the individual 
vascular responses is examined in detail, differ-
ences are apparent. Tributy ltin provoked more 
rapid responses than the higher specific dose of 
dibutyltin. The more rapid response of skin to 
tributyltin may be a consequence of rapid permea-
bility via the follicular route. a conclusion sup-
ported by the early localized damage a round the 
hair follicles. 
For tributyltin (67 nmole/cm2 1 the maximum 
increases in erythema, vascular permeability, and 
water content all develop a t between 2 to 3 hr after 
application . For dibutyltin (335 nmoletcm2 1. how-
ever , the maximum inc1·eases in these parameters 
develop at quite diffe ren t times. varying from 3 hr 
for vascular permeability, 12 hr for erythema. and 
12 to 48 hr for tissue water content. The time 
difference between development of increased vas-
cular permeability and erythema after dibutyltin 
application is consistent with the view of Steele 
and Wilhe lm 181 that these two vascular phenom-
ena are not directly related. Indeed they cannot 
be, s ince indium chloride produces erythema in 
the guinea pig but does not increase vascular 
permeability 19]. Although the increase in tissue 
water content is known to be rela ted to the early 
phase of vascular permeability 110]. this relation-
ship must a lso be complex in order to account for 
the differen t time courses of these two processes 
after dibutyltin application and still account for 
the similarity in time courses for these two proc-
esses after tributyltin application . 
Neverthe less, despite the above discrepancies in 
time courses, an assessment based on any of the 
three vascular parameters produced the same 
ranking order . viz dibutylt.in at 335 nmole/cm~ was 
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slightly more irritant to the rat than tributyltin at 
67 nmole/cm' which in turn was more irritant than 
dibutyltin at 67 nmole/cm2• This order was in 
agreement with that obtained from the histolog]c 
assessment in the rat and with that from the rat 
repeated application test routinely used in this 
laboratory (V. K. Lefevre, personal communica-
tion). The latter test involves 3 applications and a 
7-day recovery period. Of the three vascular pa-
rameters examined, changes in water content of 
skin, based on wet and dry weight m easurements, 
is the parameter most amenable to quantitation. 
Erythema is diilicult to quantify and vascular 
measurements using trypan blue are tedious and 
time consuming. The observed variations in water 
content of skin in control animals could be mini-
mized by maintaining a more constant environ-
ment (especially a constant humidity) and perhaps 
by distributing litter mates equally among treat-
ment groups to minimize litter variations. It is 
essential to determine the time course of the effect 
for proper comparison of treatments. For example, 
if the water content of skin treated with e ither 
tributyltin (67 nmole/cm'l or dibutyltin (335 
nmole/cm2 ) was examined prior to, or later than. 
10 hr after application, quite different resuJts 
would be obtained. This effect is unlikely to be 
related to different rates of absorption of dibutyl-
tin and tributyltin since the permeability re-
sponses occur at similar times. There is no obvious 
alternative explanation but future work on the 
biochemical mode of action of the two compounds 
may otTer a solution. 
Provided a time course is determined, tissue 
water content gives a representative and quantita-
tive index of the vascular changes produced by the 
cutaneous a ppl ication of two irritant chemicals 
and may therefore be a useful parameter in future 
studies to investigate the relationship between the 
magnitude of the vascular response and the mag-
nitude of the cellular injury produced. 
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assistance and Mrs. E. Penny for the preparation a nd 
photography of the histologic sectiOns. 
REFERENCES 
I. Barnes JM , Stoner HB: Toxic properties of some 
dialkyl and tr ialkyltin salts. Br J l nd Med 15:15-
22, 195 
2. Lyle WH: Lesions in the skin of process workers 
caused by ~on tact with butyltin compounds. Br J 
lnd Med 1:>:193-196, 1958 
3. Scheuplein RJ . Ross LW: Mechanism of percuta-
neous absorption . V. Percutaneous absorption of 
solvent deposited solids. J [nvest Der matol 
62:353-360, 1974 
4. Ha~ada M, Takeuchi M. Fukao T. Karagiri K: A 
s1mple method for the quantitative extraction of 
dye extravasated into th,, sk in . J Pharm Pharma-
cal 23:218- 219. 1971 
5. Judah JD, Willoughby DA: Quantitative method 
for the study of capil lary permeability. Extrac-
tiOn a nd detection of trypa n blue in tissues. J 
Pathol Bacte riol 83:567-572. 1962 
6. Middleton MC, Hasmall R: A rapid method for pre-
pa n ng epiderma l s l ices of reproducible thickness 
from excised rat skin. J invest Dermatol 6 :lOS-
384 MIDDLETON AND PRATT 
110, 1977 
7. Hartop PJ, Prottey C: Changes in transepidermal 
water loss and the composition of epidermal leci-
thin after applications of pure fatty acid triglyc-
erides to the skin of essential fatty acid deficient 
rats. Br J Dermatol 95:255-263, 1976 
8. Steele RH, Wilhelm DL: The inflammatory reac-
tion in chemical injury. I. Increased vascular 
permeability and erythema induced by various 
Vol. 68 , N o.6 
chemicals. Br J Exp Pathol 47:612-623, 1966 
9. Steel RH, Wilhelm DL: The inflammatory reaction 
in chemical injury. ll . Vascular permeability 
changes and necrosis induced by intracutaneous 
injection of various chemicals. Br J Exp Pathol 
48:592-606, 1967 
10. Spector WG, Walt.ers MN-1, Willoughby DA: Venu-
lar and capillary permeability in thermal injury. 
J Pathol Bacterial 90:635-640, 1965 
